A new biisoflavonoid, biseryvarin A (1a), together with two known compounds were isolated from the roots of Erythrina variegata. The structure of biseryvarin A was established on the basis of spectroscopic evidence. Biseryvarin A is the first dimeric isoflavonoid possessing isoprenoid groups from the genus Erythrina. Biseryvarin A showed low activity against methicillin-resistant Staphylococcus aureus (MRSA).
Erythrina variegata L. (Leguminosae) is distributed in many tropical and subtropical regions as an ornamental plant and a street tree, growing 8-10 m in height with brilliant red-colored flowers. In China, the bark of this plant is medicinally used as an antibacterial, anti-inflammatory, antipyretic and antiseptic agent [1] . In our studies on secondary metabolites of this plant against methicillin-resistant Staphylococcus aureus (MRSA), we reported the isolation of anti-MRSA isoflavonoids [2] [3] [4] . Continuous study on the antibacterial activity of the roots of Taiwanese E. variegata has led to the isolation of a new biisoflavonoid, biseryvarin A (1a), along with two known compounds, erystagallin A (2) and erysubin C (3) . In this paper, we describe the isolation and structural elucidation of the new compound (1a) and its antibacterial activity against MRSA.
Silica gel chromatography of the acetone extract of the roots gave a new dimeric isoflavonoid 1a, together with two known compounds 2 and 3. The known compounds were identified as erystagallin A (2) [5] and erysubin C (3) [6] by comparison of spectroscopic data with those of authentic samples.
Biseryvarin A (1a) was obtained as an amorphous powder, whose molecular formula was determined as C 42 H 42 O 10 ([M] + m/z 706.2767) from the HRMS. In the IR spectrum, the strong absorption bands at 3400 and 1650 cm -1 showed the presence of hydroxyl and conjugated carbonyl functions. Acetylation of 1a gave a tetraacetate 1b, indicating the presence of four hydroxyl groups. Extensive analyses of its 1 H, 13 C NMR, 1 H-1 H COSY, NOESY, HSQC and HMBC spectral data showed that its structure consisted of two units, an upper (U: 3-oxygenated isoflavan) and a lower (L: isoflavanone). The 1 H NMR spectrum of the upper unit displayed AMX-type aromatic protons (δ 6.43, 6.55 and 7.18) and a set of three aliphatic protons (δ 4.19, 4.37 and 4.62) on a 3-oxygenated chromane moiety, as well as two singlet aromatic protons (δ 6.53 and 7.19) and two methoxy groups (δ 3.64 and 3.80) on the 4-hydroxy-2,5-dimethoxyphenyl group ( Table 1 ).
The placement of the C-5(A) aromatic proton (δ 7.18) in the AMX system (A ring) was assigned from the HMBC spectrum that exhibited cross-peaks between H-4(C)/C5(A), H-5(A)/C-4(C) and H-5(A)/C-9. The . The relative stereochemistry at the C-3 and C-4 positions was assigned from the NOESY spectrum of the tetraacetate 1b. The observation of NOE interaction between H-4(C) and 2'-OMe showed that the H-4(C) and the 4-hydroxy-2,5-dimethoxyphenyl group have the same orientation. Thus, the relative structure of compound 1 was unambiguously established as (3R*,4R*)-biseryvarin. Biseryvarin A (1a) is an unusual biisoflavonoid that is composed of both the 3-oxygenated isoflavan and the isoflavanone possessing two isoprenoid groups. This is the first isolation of a biisoflavonoid from the genus Erythrina.
Antibacterial activity of biseryvarin A (1a) against 13 MRSA strains was evaluated by determining minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The MIC and MBC values of 1a were determined by a broth dilution method. Vancomycin was used as a positive control. Biseryvarin A showed anti-MRSA activity (MIC range: 6.25-50 μg mL -1 ) against 11 MRSA strains, but was ineffective against 2 strains in this concentration range. The MBC 50 and MBC 90 values of biseryvarin A were more than 50 μg mL -1 . The new compound 1a isolated in the present study showed low antibacterial activity against MRSA.
Experimental

General experimental procedures:
Optical rotations were measured using a Jasco DIP-370 digital polarimeter. UV spectra were obtained using a Beckman DU-530 spectrophotometer, and IR spectra were recorded on a Jasco IR-810 spectrophotometer. Mass spectra were obtained using a Jeol JMS-D 300 spectrometer. The 1 H NMR spectra were measured using a Jeol JNM-A 600 MHz spectrometer, while the 13 C NMR spectrum was recorded at 150 MHz using the same instruments. Column chromatography (CC) was performed using Merck silica gel (230-400 mesh). TLC was performed using Merck precoated silica gel (60 F 254 ). UV light and iodine vapor were used for the detection of compounds.
Plant material:
The roots of E. variegata were collected in Kaohsiung, Taiwan, R.O.C. in November 2001 and identified by Prof. Ih-Sheng Chen (one of the authors) [4] .
Extraction and isolation:
The powdered roots of E. variegata (3.19 kg) were macerated with acetone (73 L) at room temperature. The filtrate was concentrated to dryness under vacuum, yielding a residue (342 g). The residual oil was divided into n-hexane-, CH 2 Cl 2 -and EtOAc-soluble factions. The CH 2 Cl 2 -soluble fraction (228.4 g) was separated by silica gel CC eluted with CHCl 3 -acetone (40:1 →10:1.5 → 3:1 → 1:1) (each volume, 3 L) and acetone (each volume, 3 L) to give 7 fractions (Fractions A1 -A7). The above procedure was described in [4] . Fraction A4 (70.4 g) was chromatographed on silica gel eluted with CHCl 3acetone (10:1.5 → 1:1) (each volume, 1 L) to give 10 fractions (Fractions A4-1 -A4-10). Fraction A4-3 (8.72 g) was subjected to silica gel CC eluted with benzene-EtOAc (5:1 → 3:1) (each volume, 40 mL) to provide 40 fractions (Fractions A4-3-1 -A4-3-40). Fractions A4-3-10 -A4-3-18 (2.58 g) were separated by silica gel CC eluted with n-hexane-acetone (3:1 → 1:1) to give 2 (854 mg) and 3 (1.6 mg). Fraction A4-4 (14.9g) was separated by silica gel CC eluted with n-hexane-acetone (1.5 : 1 → 1 : 1) (each volume, 40 mL) to give 70 fractions (Fractions A4-4-1 -A4-4-70). Fractions A4-4-61 -A4-4-65 (1.19 g) were purified by silica gel CC eluted with benzene-EtOAc (4 : 1) to furnish 1a (16.3 mg). 
Acetylation of 1a:
A mixture of 1a (16.3 mg), Ac 2 O (0.5 mL) and pyridine (0.5 mL) was stirred at room temperature overnight. After work-up, the reaction mixture was purified by silica gel CC eluted with benzene-EtOAc (15:1) to give tetraacetate 1b (10.7 mg, 53%). 
Antibacterial assay:
The antibacterial activity against 13 MRSA trains was estimated by determining MIC and MBC values. The assay procedure was carried out as described in the literature [3] .
